Materials and methods
Introduction
of ATDC sequences for several reasons. Previous data showed that very low
The ATDC gene complements radiation sensitivity in AT5BI levels of the ATDC mRNA containing exons 3-8 should be present, even in cells, an ataxia telangiectasia (AT) complementation group D SV40-transformed AT group D cells (Hosoi and Kapp, 1994) , and exon 2 and the 5Ј-region of exon 3 encode a leucine zipper that may be an important cell line. It has a complex expression pattern and up to nine functional region for ATDC protein (Leonhardt et al., 1994) .
different transcripts have been detected in various cell lines
Hybridization was performed in 6ϫ SSPE, 0.1% SDS and 5ϫ Denhardt's (Hosoi and Kapp, 1994) . ATDC cDNA was cloned from a solution at 48°C for 1 h. At the end of the hybridization, streptavidin-coated HeLa cDNA library (Kapp et al., 1992) , but only a 3.0 kb magnetic beads (Dynabeads M-280 streptavidin; Dynal) were added to the transcript was obtained from these efforts. Previous work solution. The mixture was incubated at room temperature for 30 min and the beads were collected with a magnet. The collected beads were washed three (Hosoi and Kapp, 1994) showed that AT group D cells (AT5BI) times with a washing solution consisting of 0.1ϫ SSC, 0.1% SDS and 1 mM expressed only a 2.4 kb transcript of ATDC. However, previous EDTA. Hybridized single-strand DNAs were eluted from the beads by efforts to clone this particular ATDC transcript failed. This incubation in an elution solution (50 mM NaOH, 1 mM EDTA). Eluted DNA transcript is of great interest since it is apparently the only was neutralized by the addition of one half volume of 7.5 M ammonium acetate and then ethanol precipitated. The pellet was dissolved in 15 µl of form of the ATDC gene expressed in the AT5BI cell line, deionized, Milli-Q (Millipore)-treated sterile water and used as a template for which is a group D cell line and which was used for the a long distance PCR reaction (LD-PCR). After LD-PCR with a 5Ј-cap functional complementation experiments which resulted in oligonucleotide and an oligo(dT) primer for 25 cycles, double-stranded cDNA cloning of the ATDC gene (Kapp and Painter, 1989 3. These exons contain a leucine zipper motif, a zinc fingerin 1% non-fat dried milk at 4°C overnight and then at room temperature for like motif (Leonhardt et al., 1994) , a potential phosphorylation 4 h with rabbit anti-human ATDC antiserum or pre-immune serum diluted site and an ATP/GTPase activity site (Brzoska et al., 1995;  1:1000 in PBS containing 5% horse serum. Antibody binding was detected using a biotin-labeled anti-rabbit IgG antibody (Vector, Burlingame, CA), Laderoute et al., 1996) . These motifs are absent in the ATDC streptavidin-alkaline phosphatase (Vector) and the substrates NBT and BCIP transcript found in AT5BI group D cells because the splicing (Life Technologies, Gaithersburg, MD). alteration in this transcript has resulted in a stop codon being introduced 33 bp downstream from the first methionine codon Results and the next methionine codon is present in the middle of exon 3. An AT5BI cDNA library was constructed using conventional methods (Sambrook et al., 1989) and Ͼ5ϫ10 6 primary plaques Western blot analysis showed that two cell lines with normal radioresistance, transformed GM637 cells and diploid HS27 were screened using the full-length 3.0 kb ATDC cDNA as probe. However, no 2.4 kb transcript was found in the library. cells, exhibited the presence of full-length ATDC protein (Figure 3 ). However, no ATDC protein was detectable in Since standard methods of library construction failed to include the 2.4 kb ATDC transcript which was detected in diploid AT5BI cells or in the transformed TAT5 group D cells. These results suggest that the 2.4 kb ATDC transcript in AT northern blots, the protocol used to construct the AT5BI cell cDNA library was modified. The purpose of the modification group D cells is not translated due to the long 5Ј-untranslated region with its multiple stop codons which has been introduced was to enrich the library with ATDC transcripts.
A biotinylated oligonucleotide probe was used to concentrate into the transcript by the splicing variation. If a peptide is translated, it would have to begin from the mid-point of exon the ATDC-related transcripts in the original cDNA library. Briefly, the first strand cDNA with a 5Ј-cap-switch oligonucleo-3 where the next methionine codon is located and, due to the loss of potentially important functional regions, it is not likely tide (Clontech) was hybridized to a biotinylated oligonucleotide containing the ATDC exon 2 sequence 5Ј-GCCACTTCTCAto be functional and may not be stable. The 2.4 kb transcript from normal diploid HS27 cells which GCTTCATCCTCAA-3Ј. The hybridized cDNAs were collected using streptavidin-coated magnetic beads, followed by express a 2.4 and a 1.6 kb transcript (Hosoi and Kapp, 1994) was also cloned. Some of the 2.4 kb transcripts from these LD-PCR with the 5Ј-cap oligonucleotide and oligo(dT) primers. The amplified cDNA was blunted, phosphorylated and ligated normal cells were sequenced and found to lack exon 1, which was deleted and replaced with a part of intron 1 as a result of into a λgt11 vector. This library was then grown and screened for ATDC sequences.
an alternative splicing pattern. In these cells, however, the length of the new exon was 10 bp longer than that seen in the AT group D cells. This suggests that some of the 2.4 kbp transcripts seen in normal cells may also be non-functional.
Discussion
The ATDC gene was cloned using functional complementation to identify DNA sequences which could complement the radiosensitivity of AT group D cells in culture. Genomic DNA clones of ATDC provided such complementation and originated from 11Q23, although the original clones were truncated (Kapp and Painter, 1989; Kapp et al., 1992) . This suggests that the first 5Ј-half of the ATDC gene contains most of the activity of the protein. This portion of the gene contains the putative leucine zipper and zinc finger motifs identifying it as a member of an oncogene family (Kakizuka et al., 1991; Kastner et al., 1992; Leonhardt et al., 1994) . D cells as measured by survival, it failed to complement radioresistant DNA synthesis (RDS), a classic hallmark of AT cells (Kapp et al., 1992) . In addition, using SSCP, no mutations were detected in the 3.0 kb ATDC transcript. However, this method is only capable of detecting~85% of the mutations present (Leonhardt et al., 1994) . Such a separtion of survival and RDS (Green et al., 1987; Kapp et al., 1992) in response to X-irradiation adds to the complexity and difficulty of understanding AT.
Further studies of the expression pattern of ATDC showed that as many as nine different transcripts of this gene could be detected in other cell lines, but that only the 2.4 kb transcript was expressed in the AT5BIVA group D cell line. Since this was intended to clone and sequence this particular transcript. The ATM gene has been found to be mutated in all AT Gilad,S., Khosravi,R., Shkedy,D., Uziel,T., Ziv,Y., Savitsky,K., Rotman,G., complementation groups, although mutations in both alleles Smith,S., Chessa,L., Jorgenson,T.J. et al. (1996) Predominance of null mutations in ataxia telangiectasia. Hum. Mol. Genet., 5, [433] [434] [435] [436] [437] [438] [439] have not always been found (Savitsky et al., 1995; Wright Green,M.H., Lowe,J.E., Arlett,C.F., Harcourt,S.A., Burke,J., James,M.R., et al., 1996; Stankovic et al., 1998) . To date, only one mutated Lehmann,A.R. and Povey,S.M. (1987) A gamma-ray-resistant derivative of allele of ATM has been detected in the group D cells used an ataxia telangiectasia cell line obtained following DNA-mediated gene here (Savitsky et al., 1995; Wright et al., 1996) (Wright et al., 1996) , showing that a single allele mutation in phenotype with respect to radiation sensitivity and RDS. If
